Dynamic Thermal Structure of Imported Fire Ant Mounds by Vogt, James T. et al.
Dynamic thermal structure of imported fire ant
mounds





















Keywords: 7KHUPRJUDSK\UHPRWHVHQVLQJLQVRODWLRQQHVWDUFKLWHFWXUH Solenopsis invicta Solenopsis richteri
Correspondence: DMYRJW#PVDVWRQHYLOOHDUVXVGDJRY EEZDOOHW#DXWRPDWHGGHFLVLRQVFRP




Cite this paper as:




0DQ\ DQW VSHFLHV FRQVWUXFW XQGHUJURXQG QHVWV E\
VLPSO\ H[FDYDWLQJ VRLO DQG GHSRVLWLQJ LW DURXQG
WKH QHVW HQWUDQFH HYHQWXDOO\ IRUPLQJ D VLPSOH
FUDWHU 0RXQGEXLOGLQJ DQWV KRZHYHU XVH
H[FDYDWHG VRLO WR FRQVWUXFW HDUWKHQ PRXQGV WUXH
PRXQGV FRQWDLQLQJ QXPHURXV FKDQQHOV DQG
FKDPEHUV :KHHOHU  7UXH PRXQGV DUH
FRQVWUXFWHG E\ VSHFLHV LQ VRPH  JHQHUD
GLVWULEXWHG ZLWKLQ WKUHH VXEIDPLOLHV RI DQWV
LQFOXGLQJ PHPEHUV RI WKH JHQXV Solenopsis
:HVWZRRG $V ILUVW VXJJHVWHG E\ +XEHU 
DQG )RUHO  DQW PRXQGV DUH JHQHUDOO\
WKRXJKW WR IXQFWLRQ DV VRODU FROOHFWRUV DOORZLQJ
IRU JUHDWHU WHPSHUDWXUH YDULDWLRQ WKURXJKRXW WKH
PRXQG VWUDWD DQG SURYLGLQJ DQW FRORQLHV ZLWK D
UDQJH RI WHPSHUDWXUHV VXLWDEOH IRU GLIIHUHQW OLIH
VWDJHV 6LQFH WKDW WLPH D QXPEHU RI UHVHDUFKHUV
KDYH LQYHVWLJDWHG WKH FKDUDFWHULVWLFV DQG
IXQFWLRQV RI WUXH DQW PRXQGV SULPDULO\ WKRVH RI
WKH JHQXV Formica /LQQp HJ )URX]  *DOOH
 +RUVWPDQQDQG6FKPLG
5HG DQG EODFN LPSRUWHG ILUH DQWV Solenopsis
invicta %XUHQ DQG S. richteri )RUHO DUH
PRXQGEXLOGLQJ DQWV WKDW ZHUH DFFLGHQWDOO\
LQWURGXFHG LQWR WKH VRXWKHDVWHUQ 8QLWHG 6WDWHV
GXULQJ WKH ILUVW KDOI RI WKH WK FHQWXU\ %XUHQ
 $ EURDG EDQG RI K\EULGL]DWLRQ EHWZHHQ WKH
VSHFLHV H[LVWV IURP FHQWUDO 0LVVLVVLSSL WR FHQWUDO
*HRUJLD 6KRHPDNHU HW DO  5HG EODFN DQG
K\EULG LPSRUWHG ILUH DQWV DSSHDU WR KDYH VLPLODU
PRXQGEXLOGLQJ KDELWV DQG DUH UHIHUUHG WR KHUHLQ
DV ³ILUH DQWV´ 7KHLU VWLQJLQJ KDELWV ODUJH FRORQLHV
DQG DELOLW\ WR EXLOG ODUJH PRXQGV DUH MXVW D IHZ RI
WKH UHDVRQV WKH\ DUH FRQVLGHUHG VHULRXV SHVWV
UHYLHZHG E\ 9LQVRQ  )LUH DQW PRXQGV FDQ
EH TXLWH ODUJH GHSHQGLQJ SULPDULO\ XSRQ WKH VL]H
RI WKH FRORQ\ &RORQ\ VL]H FDQ H[FHHG 
LQGLYLGXDO DQWV 7VFKLQNHO  DQG PRXQGV FDQ
H[FHHG  / WRWDO DERYHJURXQG YROXPH 9RJW HW
DO  )LUH DQW PRXQGV KDYH EHHQ WKH VXEMHFW
RI UHODWLYHO\ IHZ VWXGLHV RQ WKHUPDO G\QDPLFV
DQGRU WKHUPRUHJXODWLRQ GHVSLWH WKHLU
DEXQGDQFHDQGVL]H
3RUWHU DQG 7VFKLQNHO  LQYHVWLJDWHG WKHUPDO
SUHIHUHQFHV RI ILUH DQWV GHPRQVWUDWLQJ WKDW
FRORQLHV SUHVHQWHG ZLWK D UDQJH RI WHPSHUDWXUHV
VHJUHJDWH EURRG LQWR DUHDV ZLWK WHPSHUDWXUHV
IDYRULQJ RSWLPDO JURZWK a & 6RPH ZRUNHUV
DERXW  LQ ZHOOIHG FRORQLHV ± LQ
IRRGOLPLWHG FRORQLHV FKRVH DUHDV RI FRROHU
WHPSHUDWXUH a & SUHVXPDEO\ SURORQJLQJ
WKHLU OLIHVSDQ ZKLOH QRW RFFXSLHG ZLWK YDULRXV
FRORQ\ WDVNV 7KLV SUHGLFWDEOH EHKDYLRU LQ WKH
ODERUDWRU\ VXJJHVWV WKDW ILUH DQWV WDNH DGYDQWDJH
RI D WHPSHUDWXUH JUDGLHQW LQ WKH PRXQG UHVLGLQJ
LQ GLIIHUHQW SDUWV RI WKH PRXQG DV WHPSHUDWXUHV
FKDQJH GXULQJ WKH GD\ 2EVHUYDWLRQV LQ WKH ILHOG
FRUURERUDWH WKLV DV WKH EXON RI D FRORQ\ LV XVXDOO\
ORFDWHG MXVW EHQHDWK WKH H[WHULRU VXUIDFH RI WKH
PRXQG RQ VXQQ\ FRRO PRUQLQJV 3RUWHU DV FLWHG
LQ +|OOGREOHU DQG :LOVRQ  9RJW
XQSXEOLVKHG REVHUYDWLRQV 7KH LQWHULRU VWUXFWXUH
RI ILUH DQW PRXQGV ZLWK QDUURZ KRUL]RQWDO
WXQQHOV EHORZ WKH FUXVW YHUWLFDO VKDIWV DQG
QRGXOHV H[WHQGLQJ GRZQZDUG WKRXJK WKH JUDVV
URRW V\VWHP DQG YHUWLFDO VKDIWV H[WHQGLQJ WKURXJK
IODWWHQHG FKDPEHUV XQGHUJURXQG DSSHDUV WR
IDFLOLWDWH PRYHPHQW RI WKH FRORQ\ DV FRQGLWLRQV
FKDQJH&DVVLOOHWDO
*UHHQ HW DO  GHPRQVWUDWHG VWUDWLILFDWLRQ RI
ILUH DQW PRXQG WHPSHUDWXUH DW WZR GHSWKV DQG
QRWHG WKDW PRXQGV KHDWHG XS PRUH TXLFNO\ GXULQJ
WKH GD\ WKDQ VXUURXQGLQJ XQGLVWXUEHG VRLO
0RXQGV DOVR FRROHG PRUH TXLFNO\ LQ WKH HYHQLQJ
3HQLFN  GHPRQVWUDWHG LQFUHDVHG VXUIDFH
KHDWLQJ RI ILUH DQW PRXQGV RQ WKH VRXWK VLGH
UHODWLYH WR WKH QRUWK VLGH DQG D VLJQLILFDQW
GHFUHDVH LQ WHPSHUDWXUH EHWZHHQ  DQG  FP RI
GHSWK %\ FKDQJLQJ WKH WHPSHUDWXUH SURILOH RI ILUH
DQW PRXQGV WKURXJK UHYHUVH KHDWLQJ VKDGLQJ WKH
VRXWK VLGH DQG UHIOHFWLQJ VXQOLJKW RQWR WKH QRUWK
VLGH KH ZDV DEOH WR LQGXFH WKH FRORQ\ WR DOWHU WKH
XVXDO SODFHPHQW RI EURRG ZLWKLQ WKH PRXQG
GHPRQVWUDWLQJ WKDW WKH DQWV SULPDULO\ WUDFN
WHPSHUDWXUH DQG RWKHU IDFWRUV DUH SUREDEO\ QRW
UHVSRQVLEOH IRU FRORQ\ PRYHPHQW 2WKHU LQVHFWV
VXFK DV VXEWHUUDQHDQ WHUPLWHV WKDW VHHN RXW DUHDV
ZLWK WHPSHUDWXUHV IDYRUDEOH IRU WKHLU
GHYHORSPHQW PD\ UHVLGH LQ SRUWLRQV RI ILUH DQW
PRXQGV6KHOWRQHWDO
5HFHQW HIIRUWV XVLQJ DHULDO PXOWLVSHFWUDO GLJLWDO
LPDJHU\ IRU GHWHFWLRQ RI LPSRUWHG ILUH DQW PRXQGV
KDYH PHW ZLWK VRPH VXFFHVV UHVXOWLQJ LQ
GHWHFWLRQ RI RYHU  RI PRXQGV LQ SDVWXUH
GXULQJ 0D\ 9RJW  +RZHYHU LQ PRUH
KHWHURJHQHRXV HQYLURQPHQWV VXFK DV
EDOODQGEXUODS SODQW QXUVHULHV PXOWLVSHFWUDO
LPDJHU\ LV QRW VXIILFLHQW IRU PRXQG GHWHFWLRQ
9RJW DQG 2OLYHU  $HULDO WKHUPDO LQIUDUHG
LPDJHU\ PD\ EH DQ HIIHFWLYH WRRO IRU PRXQG
GHWHFWLRQ LQ ODQGVFDSHV ZKHUH ILUH DQW PRXQGV
ODFN WKH ULQJ RI YLJRURXV YHJHWDWLRQ DW WKHLU
SHULSKHU\ ZKLFK LV W\SLFDO LQ SDVWXUH DUHDV GXULQJ
FHUWDLQ WLPHV RI WKH \HDU 7KLV ULQJ RI YHJHWDWLRQ LV
W\SLFDOO\ SUHVHQW GXULQJ WKH VSULQJ PRQWKV DQG LV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 16WXG\VLWHVZKHUHWKHUPDOLQIUDUHGLPDJHVRI Solenopsis VSSDQWPRXQGVZHUHREWDLQHG
Site ID Approximate coordinates Land use Dominant vegetation Soils associations Ant species
1RELOH ¶´:¶´1 5RZFURSVR\EHDQV 9HU\VSDUVHZHHGV $OOLJDWRU S. invicta
&OD\ ¶´:¶´1 *UD]HGSDVWXUH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 %HUPXGDJUDVV /HYHHD S. invicta
D/HYHHVRLOVDUHDQWKURSRPRUSKLFDQGLQFOXGHPDWHULDOIURPERUURZSLWV,QWKLVFDVHWKHVRLOZDVDOLJKWFRORUHG
VLOW\FOD\ORDP7KHVRLOVDVVRFLDWLRQVDWWKH1RELOHDQG&OD\VLWHVDUHUHODWLYHO\KLJKLQFOD\FRQWHQW
XVHIXO IRU LQWHUSUHWDWLRQ RI SKRWRV RI
PXOWLVSHFWUDO LPDJHU\ *UHHQ HW DO  9RJW
 $HULDO GHWHFWLRQ RI ILUH DQW PRXQGV XVLQJ
PXOWLVSHFWUDO RU WKHUPDO LQIUDUHG LPDJHU\ ZRXOG
SURYLGH D PHDQV RI TXDQWLI\LQJ PRXQGV LQ DUHDV
ZKHUH DFFHVV LV OLPLWHG DQG FRXOG SRWHQWLDOO\
UHGXFH VDPSOLQJ FRVWV DVVRFLDWHG ZLWK JURXQG
VDPSOLQJ WUDYHO DQG SHUVRQKRXUV HVSHFLDOO\
ZKHQ GHWHFWLQJ PRXQGV RYHU YHU\ ODUJH DUHDV IRU
VXUYH\ UHVHDUFK RU SUHFLVLRQ LQVHFWLFLGH
DSSOLFDWLRQ SXUSRVHV )RU H[DPSOH UHVHDUFK
DLPHG DW XQGHUVWDQGLQJ WKH HIIHFWV RI ODQGVFDSH
DQG KDELWDW RQ ILUH DQW DEXQGDQFH ZRXOG EH
JUHDWO\ HQKDQFHG WKURXJK DHULDO GHWHFWLRQ RI
PRXQGV )DVW FRVWHIIHFWLYH DQG DFFXUDWH
DVVHVVPHQW RI ILUH DQW GHQVLW\ RYHU D ODUJH DUHD
ZRXOG DOORZ UHVHDUFKHUV WR H[DPLQH VSDWLDO
DXWRFRUUHODWLRQ RI ILUH DQW PRXQG GHQVLWLHV DQG
DVVRFLDWHG FKDQJHV LQ KDELWDW DQG ODQGVFDSH
YDULDEOHV DW GLIIHUHQW VSDWLDO VFDOHV ZLWKRXW WKH
WLPH DQG HIIRUW LQYROYHG LQ SK\VLFDOO\ VDPSOLQJ
KXQGUHGV RU WKRXVDQGV RI FORVHO\VSDFHG SORWV RQ
WKHJURXQG
$ GHWDLOHG DQDO\VLV RI GDLO\ FKDQJHV LQ PRXQG
VXUIDFH WHPSHUDWXUH LV QHFHVVDU\ IRU VXFFHVVIXO
QHVW UHFRJQLWLRQ LQ UHPRWH VHQVLQJ HIIRUWV XVLQJ
DLUERUQH WKHUPDO LQIUDUHG LPDJHU\ %DVHG XSRQ
*UHHQ¶V  DQG 3HQLFN¶V  REVHUYDWLRQV
RI PRXQG WHPSHUDWXUH DQG RXU RZQ SUHOLPLQDU\
GDWD ZH K\SRWKHVL]HG WKDW WKH GLIIHUHQFH EHWZHHQ
WKH VXUIDFH WHPSHUDWXUH RI ILUH DQW PRXQGV DQG
WKHLU VXUURXQGLQJV ZRXOG EH VXIILFLHQW IRU
GHWHFWLRQ XVLQJ WKHUPDO LQIUDUHG LPDJLQJ :H DOVR
K\SRWKHVL]HG WKDW WKH WKHUPDO FHQWHU RU ZHLJKWHG
FHQWURLG RI PRXQGV LQ WKHUPDO LPDJHV ZRXOG
PRYH DFURVV WKH PRXQG VXUIDFH LQ D SUHGLFWDEOH
PDQQHU EDVHG XSRQ WKH VKDSH RI WKH PRXQG VXQ
HOHYDWLRQ DQG D]LPXWK &RPELQHG NQRZOHGJH RI
WHPSRUDO YDULDWLRQ LQ PRXQG VXUIDFH WHPSHUDWXUH
DQG DQLVRWURS\ GLUHFWLRQ ZRXOG EHQHILW HIIRUWV WR
GHYHORS DXWRPDWHG GHWHFWLRQ WHFKQLTXHV IRU ILUH
DQW PRXQGV LQ DHULDO WKHUPDO LPDJHU\ PDNLQJ
TXDQWLILFDWLRQ RI PRXQGV RYHU ODUJH DUHDV PRUH
IHDVLEOH $Q XQGHUVWDQGLQJ RI WHPSRUDO YDULDWLRQ
LQ WKH VXUIDFH WHPSHUDWXUH RI PRXQGV DQG WKHLU
VXUURXQGLQJV LV QHFHVVDU\ WR RSWLPL]H WKH WLPLQJ
RI DHULDO GDWD FROOHFWLRQ )LQDOO\ D PRUH GHWDLOHG
GHVFULSWLRQ RI VXUIDFH WHPSHUDWXUH WKDQ
SUHYLRXVO\ DFTXLUHG PD\ EH XVHIXO WR VFLHQWLVWV
LQWHUHVWHG LQ WKHUPRUHJXODWLRQ LQ ILUH DQW




'DWD ZHUH FROOHFWHG DW WKUHH VLWHV LQ 0LVVLVVLSSL
VLWH FKDUDFWHULVWLFV DUH VXPPDUL]HG LQ 7DEOH 
6DPSOLQJ ZDV FRQGXFWHG LQ WKH IDOO RI  HDUO\
2FWREHU DQG VSULQJ RI  PLG$SULO GXULQJ
UHODWLYHO\ GU\ SHULRGV ZLWK QR UDLQIDOO IRU VHYHUDO
FRQVHFXWLYH GD\V 6RLO PRLVWXUH LQ UHSUHVHQWDWLYH
ILUH DQW PRXQGV ZDV PHDVXUHG JUDYLPHWULFDOO\
DQG ZDV DOZD\V   :LQG VSHHG ZDV QRW
PHDVXUHG GXULQJ VDPSOLQJ EXW ZDV JHQHUDOO\ ORZ
  PVHF DQG WKH HIIHFW RI ZLQG DQG VXEVHTXHQW
HYDSRUDWLYH FRROLQJ RQ PRXQG VXUIDFH
WHPSHUDWXUH ZDV DVVXPHG WR EH ORZ GXH WR ORZ
VRLO PRLVWXUH DW WKH WLPH RI VDPSOLQJ 2QH GD\
SULRU WR VDPSOLQJ DW D VLWH ± DFWLYH ILUH DQW
PRXQGV ZHUH ORFDWHG DQG PDUNHG ZLWK IRUHVWU\
IODJV 0RXQGV ZHUH FORVH HQRXJK WR RQH DQRWKHU
VR WKDW DOO PRXQGV FRXOG EH VDPSOHG ZLWKLQ D 
PLQ WLPH SHULRG 0RXQG ZLGWK OHQJWK DQG KHLJKW
ZHUH PHDVXUHG $ WRWDO RI   DQG  PRXQGV
ZHUH VDPSOHG DW WKH &OD\ /HYHH DQG 1RELOH VLWHV
UHVSHFWLYHO\
7KHUPDO ,5 GDWD ZHUH FROOHFWHG XVLQJ D )/,5
ZZZIOLUFRP 7KHUPDFDP (6 WKHUPDO LQIUDUHG
FDPHUD ZLWK D  [  SL[HO PLFURERORPHWHU
)RFDO 3ODQH $UUD\ D VSHFWUDO UDQJH RI ± ƫP
DQG WKHUPDO VHQVLWLYLW\ RI  & DW  & 7UXH
FRORU LPDJHV ZHUH REWDLQHG XVLQJ D &DQRQ
ZZZFDQRQFRP(26 '  PHJDSL[HO GLJLWDO
FDPHUD 7KHUPDO LQIUDUHG WHPSHUDWXUH GDWD ZHUH
FROOHFWHG XVLQJ DQ 2PHJDVFRSH
ZZZRPHJDFRP 26 LQIUDUHG WKHUPRPHWHU
DFFXUDF\ RI  & DQG NLQHWLF WHPSHUDWXUHV
ZHUH PHDVXUHG XVLQJ D GLJLWDO WKHUPRPHWHU DQG
VXUIDFH WKHUPRFRXSOH ,PDJHV ZHUH PDQLSXODWHG
DQG DQDO\]HG LQ (QYLURQPHQW IRU 9LVXDOL]LQJ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ,PDJHV (19,  ,QWHUDFWLYH 'DWD /DQJXDJH ,'/
5HVHDUFK 6\VWHPV ,QF ZZZLWWYVVFRP DQG
$UF*,6(65,5HGODQGVZZZHVULFRP
,QLWLDOO\ WKH WKHUPDO FDPHUD ZDV PRXQWHG RQ D
WULSRG H[WHQGHG WR D KHLJKW RI  P SRLQWLQJ
VWUDLJKW GRZQ DW WKH JURXQG IRU D KRUL]RQWDO ILHOG
RI YLHZ RI DERXW  P ,Q  D QHZ FDPHUD
PRXQW ZDV FRQVWUXFWHG RI 39& WR UDLVH WKH FDPHUD
KHLJKW WR  P UHVXOWLQJ LQ D KRUL]RQWDO ILHOG RI
YLHZ RI DERXW  P 2QFH D PRXQG ZDV FHQWHUHG
LQ WKH /&' GLVSOD\ RI WKH FDPHUD WKH ORFDWLRQV RI
WKH WULSRG RU 39& PRXQW OHJV ZHUH PDUNHG ZLWK
ODUJH  FP GLD ZDVKHUV RQ WKH JURXQG WR
PLQLPL]H VHWXS WLPH IRU LPDJHV WKH IROORZLQJ
GD\ 7KUHH GHQWDO SODVWHU &DVWRQH EORFNV 
FP ZHUH SODFHG QH[W WR HDFK PRXQG RQH
SDLQWHG IODW EODFN HDVW VLGH RI PRXQG RQH
SDLQWHG VDWLQ ZKLWH ZHVW VLGH RI PRXQG DQG RQH
XQSDLQWHG EXII FRORUHG QRUWK VLGH RI PRXQG
&DUH ZDV WDNHQ WR LQVXUH WKDW WKH FDVWRQH EORFNV
ILW ZLWKLQ WKH LPDJHV 6DPSOLQJ JHQHUDOO\
FRPPHQFHG DSSUR[LPDWHO\  PLQ WR  K EHIRUH
DSSDUHQW VXQULVH RQ WKH IROORZLQJ GD\ $W WKDW
WLPH DQG HYHU\  K XQWLO QHDU RU DIWHU DSSDUHQW
VXQVHW D WKHUPDO LPDJH ZDV REWDLQHG RI HDFK
PRXQG 6XUIDFH WHPSHUDWXUH RI WKH FDVWRQH
EORFNV WKH DSSUR[LPDWH FHQWHU RI WKH PRXQG DQG
WKH EDUH VRLO VSRW ZHUH GHWHUPLQHG XVLQJ WKH
LQIUDUHG WKHUPRPHWHU DQG UHFRUGHG IRU HDFK
LPDJH $PELHQW WHPSHUDWXUH DERXW  P DERYH
JURXQG OHYHO LQ WKH VKDGH ZDV UHFRUGHG IRU HDFK
VDPSOLQJ WLPH 7KHUPDO LPDJHV MSJ ZHUH VFDOHG
IRU WHPSHUDWXUH LQ (19, DVVXPLQJ D OLQHDU
UHODWLRQVKLS EHWZHHQ WHPSHUDWXUH & DQG VFUHHQ
YDOXH LQ WKH ELW JUD\VFDOH LPDJHV $Q ,'/
SURJUDP ZDV ZULWWHQ WR DFFRPSOLVK WKLV XVLQJ WKH
VXUIDFH WHPSHUDWXUH RI D SDLU RI FDVWRQH EORFNV DV
UHIHUHQFHV ,Q SUHOLPLQDU\ ODERUDWRU\
H[SHULPHQWV WKH GHIDXOW HPLVVLYLW\ VHWWLQJ RQ WKH
LQIUDUHG WKHUPRPHWHU  \LHOGHG WHPSHUDWXUH
PHDVXUHPHQWV IRU PRXQG VRLO DQG RXU FDVWRQH
WDUJHWV WKDW ZHUH VLPLODU WR PHDVXUHG NLQHWLF
WHPSHUDWXUH 3L[HO YDOXHV LQ WKH UHVXOWLQJ LPDJHV
VKRZHG FORVH DJUHHPHQW ZLWK PHDVXUHG
WHPSHUDWXUHV
6XQULVHVXQVHW DQG VXQ HOHYDWLRQD]LPXWK GDWD
ZHUH REWDLQHG IURP WKH 1DWLRQDO 2FHDQLF DQG
$WPRVSKHULF $GPLQLVWUDWLRQ 6XQULVH6XQVHW
&DOFXODWRU KWWSZZZVUUEQRDDJRYKLJKOLJKWV
VXQULVHVXQULVHKWPO 7KH SHUFHQWDJH RI WKH
PRXQG VXUIDFH REVFXUHG E\ YHJHWDWLRQ SULPDULO\
JUDVV JURZLQJ ZLWKLQ WKH PRXQG ZDV HVWLPDWHG
XVLQJ 5*% LPDJHV UHJLVWHUHG WR WKH ' GDWD
9HJHWDWLRQ ZDV FODVVLILHG XVLQJ WKH PD[LPXP
OLNHOLKRRG FODVVLILHU LQ (19, ZLWK WKH SUREDELOLW\
WKUHVKROG VHW WR QRQH 7KH UHVXOWLQJ UDVWHU ZDV
FOLSSHG WR WKH GLPHQVLRQV RI WKH PRXQG VKDSHILOH
WRHVWLPDWHWKHDUHDFRYHUHGE\JUHHQYHJHWDWLRQ
7KUHHGLPHQVLRQDO ' GDWD ZHUH FROOHFWHG XVLQJ
D 3ROKHPXV )DVW6FDQ &REUD ODVHU VFDQQHU
3ULRU WR ' GDWD FROOHFWLRQ EXW DIWHU FROOHFWLRQ RI
WKHUPDO ,5 GDWD H[FHVV YHJHWDWLRQ ZDV FOLSSHG
IURP WKH PRXQG VXUIDFH $ VPDOO DERXW  FP
ORQJ ZRRGHQ DUURZ ZDV SODFHG EHVLGH WKH PRXQG
SRLQWLQJ WRZDUG PDJQHWLF QRUWK 7KH WUDQVPLWWHU
IRU WKH ' VFDQQHU ZDV SODFHG ZLWKLQ D IHZ FP RI
WKH PRXQG DQG RULHQWHG VR WKDW WKH D[HV UDQ
QRUWKVRXWK DQG HDVWZHVW WKHQ LW ZDV FDUHIXOO\
OHYHOHG E\ SODFLQJ D FLUFXODU EXEEOH OHYHO RQ WRS
DQG UHPRYLQJ RU DGGLQJ VRLO XQGHUQHDWK 7KH
PRXQG ZDV VKDGHG ZLWK D VXUYH\RU¶V XPEUHOOD RU
D VPDOO KXQWLQJ EOLQG :KHQ QHFHVVDU\ WDOFXP
SRZGHU ZDV DSSOLHG WR WKH PRXQG VXUIDFH WR
LQFUHDVH UHIOHFWDQFH 6FDQ SURJUHVV ZDV PRQLWRUHG
RQ D ODSWRS FRPSXWHU WR LQVXUH FRPSOHWH
FRYHUDJH WKH QXPEHU RI VFDQ OLQHV YDULHG IURP
PRXQG WR PRXQG DQG VFDQQLQJ ZDV VWRSSHG
ZKHQ WKH RSHUDWRU ZDV VDWLVILHG WKDW D VXIILFLHQW
QXPEHU RI GDWD SRLQWV ZHUH FROOHFWHG 7KH
UHVXOWLQJ WKUHHGLPHQVLRQDO SRLQW FORXGV RI
PRXQGV RQ D  PP &DUWHVLDQ FRRUGLQDWH V\VWHP
ZHUH LPSRUWHG LQWR $UF*,6 DV VKDSHILOHV 0RXQG
VXUIDFHV ZHUH LQWHUSRODWHG XVLQJ DQ LQYHUVH
GLVWDQFH ZHLJKWHG ,': SURFHGXUH ZLWK D SRZHU
RI  DQG D YDULDEOH VHDUFK UDGLXV ZLWK  SRLQWV
/RZHUHG SRZHU UHVXOWHG LQ D PRUH UHDOLVWLF
VXUIDFH UHGXFLQJ WKH HIIHFWV RI JUDVV WKDW
UHPDLQHG DIWHU FOLSSLQJ 7R IXUWKHU UHGXFH WKH
LQIOXHQFH RI JUDVV VWXEEOH WKH IRFDO VWDWLVWLFV WRRO
LQ $UF*,6  ZDV XVHG WR FDOFXODWH WKH PHDQ RI D
FLUFXODU QHLJKERUKRRG LQ WKH UDVWHU ZLWK UDGLXV RI
 FHOOV 7KH UHVXOWLQJ UDVWHU ZDV XVHG WR H[WUDFW
VWDWLVWLFV
7KH PHDQ FHQWHU RI WKH PRXQG IHDWXUH ZDV
FDOFXODWHG $ QHZ SRLQW VKDSHILOH ZDV FRQVWUXFWHG
FRUUHVSRQGLQJ WR WKH PRXQG DSH[ 7KH ' UDVWHU
ZDV XVHG WR FDOFXODWH DVSHFW ZKLFK ZDV FODVVLILHG
DV IRXU HTXDO LQWHUYDOV RI ± QRUWKHDVW
± VRXWKHDVW ± VRXWKZHVW DQG
± QRUWKZHVW 6ORSH LQ GHJUHHV ZDV DOVR
FDOFXODWHG DQG FODVVLILHG DV JHQWOH ±
PRGHUDWH ± RU VWHHS !  3K\VLFDO
PRXQG FKDUDFWHULVWLFV ZHUH H[WUDFWHG IURP WKH








$QDO\VLV RI YDULDQFH $129$ ZDV XVHG WR
H[DPLQH PRXQG FKDUDFWHULVWLFV YHJHWDWLRQ FRYHU
YROXPH DQG ORFDWLRQ RI WKH PRXQG DSH[ $129$
ZLWK 3URF 0,;(' /LWWHOO HW DO  ZDV XVHG WR
DFFRXQW IRU SRWHQWLDO HIIHFWV RI ORFDWLRQ VDPSOLQJ
GDWH DQG WKHLU LQWHUDFWLRQ 7R IXUWKHU FKDUDFWHUL]H
PRXQG VKDSH SHUFHQWDJH RI PRXQG VXUIDFH DQG
VORSH LQ GHJUHHV ZHUH PRGHOHG DV IXQFWLRQV RI
DVSHFW
:H ILUVW H[DPLQHG WLPH HIIHFWV RQ PRXQG
WHPSHUDWXUH WHPSHUDWXUH RI WKH VXUURXQGLQJ
DUHD DQG GLIIHUHQFHV EHWZHHQ PRXQGV DQG WKHLU
VXUURXQGLQJV ZLWKRXW WDNLQJ PRXQG VKDSH LQWR
DFFRXQW 6WDWLVWLFV ZHUH H[WUDFWHG IURP WKHUPDO ,5
UDVWHUV XVLQJ WZR ]RQHV GHILQHG E\ VKDSHILOHV
0RXQGV ZHUH FDUHIXOO\ RXWOLQHG E\
SKRWRLQWHUSUHWLQJ JHRUHIHUHQFHG 5*% LPDJHV DQG
' PRGHOV $Q LUUHJXODU DUHD DERXW  FP ZLGH
ZDV RXWOLQHG VXUURXQGLQJ HDFK PRXQG VKDSHILOH
WR H[WUDFW GDWD RQ WKH DUHD LPPHGLDWHO\
VXUURXQGLQJ WKH PRXQG &DUH ZDV WDNHQ WR DYRLG
LQFOXGLQJFDVWRQHUHIHUHQFHWDUJHWVLQVKDSHILOHV
$ QHZ YDULDEOH ZDV GHILQHG WR VWDQGDUGL]H
VDPSOLQJ WLPHV EHWZHHQ GDWHORFDWLRQ
FRPELQDWLRQV XVLQJ VXQULVHVXQVHW GDWD
6DPSOLQJ WLPH ZDV H[SUHVVHG DV WKH SHUFHQWDJH RI
GD\OLJKW KRXUV IURP DSSDUHQW VXQULVH HJ
VXQULVH    VRODU QRRQ    VXQVHW   




Site ID Date N Height (mm) Volume (liters) Vegetation cover (%)
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)DOO   
VDPSOLQJ WLPH ZDV URXQGHG WR WKH QHDUHVW  GD\
WR PD[LPL]H FRPSDUDELOLW\ EHWZHHQ GD\V ZKLOH
SUHVHUYLQJ WKH QXPEHU RI VDPSOHV 0D[LPXP
PLQLPXP DQG PHDQ WHPSHUDWXUHV ZHUH
FDOFXODWHG \LHOGLQJ PHDQ WHPSHUDWXUH DQG UDQJH
IRU PRXQGV DQG WKHLU VXUURXQGLQJV 'LIIHUHQFHV
EHWZHHQ PRXQGV DQG WKHLU VXUURXQGLQJV ZHUH
DOVRFDOFXODWHGIRUDQDO\VLV
)RXU $129$V ZHUH SHUIRUPHG )LUVW GHSHQGHQW
YDULDEOHV PHDQ WHPSHUDWXUH WHPSHUDWXUH UDQJH
HWF ZHUH HDFK PRGHOHG DV D IXQFWLRQ RI ORFDWLRQ
GDWH SHUFHQWDJH GD\ SHUFHQWDJH GD\ DQG DOO
SRVVLEOH LQWHUDFWLRQV 0RXQG ZLWKLQ ORFDWLRQ DQG
GDWH DQG WKH WKUHHZD\ LQWHUDFWLRQ EHWZHHQ GDWH
ORFDWLRQ DQG SHUFHQWDJH GD\ ZHUH FRQVLGHUHG
UDQGRP HIIHFWV 6HFRQG WR LQYHVWLJDWH SRVVLEOH
HIIHFWV RI YHJHWDWLRQ FRYHU DQG PRXQG YROXPH
WKH WRWDO DUHD XQGHUQHDWK WKH PRXQG VXUIDFH LQ
HDFK ' UDVWHU GDWD ZHUH DYHUDJHG RYHU HDFK
GD\ HDFK GHSHQGHQW YDULDEOH ZDV PRGHOHG DV D
IXQFWLRQ RI ORFDWLRQ GDWH DQG ORFDWLRQ ZLWKLQ
GDWH DQG WKH LQGHSHQGHQW YDULDEOH RI LQWHUHVW ZDV
LQFOXGHG LQ WKH PRGHO DV D FRYDULDWH 7KLUG
JURXQG WHPSHUDWXUHV PRXQG VXUIDFH DQG
VXUURXQGLQJ DUHD ZHUH PRGHOHG DV IXQFWLRQV RI
DPELHQW WHPSHUDWXUH WR GHWHUPLQH ZKHWKHU WKH\
LQFUHDVHG DW WKH VDPH UDWH DV DPELHQW
WHPSHUDWXUH LQFUHDVHG )LQDOO\ VORSH DVSHFW DQG
DOO SRWHQWLDO LQWHUDFWLRQV ZHUH DGGHG WR WKH PRGHO
XVHG LQ WKH ILUVW $129$ IRU HDFK ORFDWLRQ GDWH
FRPELQDWLRQ WR H[DPLQH WKH HIIHFWV RI PRXQG








F-test for quadratic trend
Site ID Dependent variable Date df F P Equation
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7UHQGV LQ WHPSHUDWXUH DFURVV WKH PRXQG VXUIDFH
ZHUH YLVXDOL]HG E\ FUHDWLQJ DQ DYHUDJH UDVWHU IRU
HDFK WLPH SHULRG DQG GHWHUPLQLQJ WKH DYHUDJH
FHQWHU RI WKH PRXQG ZHLJKWHG E\ WHPSHUDWXUH
)RU HDFK ORFDWLRQGDWHWLPH FRPELQDWLRQ HDFK
PRXQG ZDV UHJLVWHUHG WR D VLQJOH PRXQG E\ XVLQJ
WKH PHDQ FHQWHU DQG WKH PRXQG HGJH LQ HDFK RI
WKH IRXU FDUGLQDO GLUHFWLRQV DV JURXQG FRQWURO
SRLQWV 7KLV RSHUDWLRQ UHVXOWHG LQ D VHULHV RI
PRXQG LPDJHV RI DSSUR[LPDWHO\ WKH VDPH VL]H
DQG VKDSH 7KH ZDUSHG LPDJHV ZHUH VXPPHG DQG




0RXQG KHLJKW YROXPH DQG YHJHWDWLRQ FRYHU DUH
VXPPDUL]HG LQ 7DEOH  9HJHWDWLRQ FRYHU RQ
PRXQGV ZDV KLJKO\ YDULDEOH EHWZHHQ ORFDWLRQV
)     S   DQG GDWHV )    
S    LQFUHDVLQJ IURP IDOO WR VSULQJ ZLWK
WKH H[FHSWLRQ RI WKH 1RELOH VLWH ZKHUH PRXQGV
KDG YHU\ OLWWOH YHJHWDWLRQ FRYHU 0HDQ PRXQG
YROXPH GLIIHUHG EHWZHHQ ORFDWLRQV )     S
  ZLWK D JHQHUDO LQFUHDVH IURP IDOO WR
VSULQJ )     S    0HDQ PRXQG
KHLJKW GLIIHUHG EHWZHHQ ORFDWLRQV )     S
  EXW QRW GDWHV S !  2Q DYHUDJH
WKH DSH[ RI WKH PRXQG ZDV RIIVHW IURP QRUWK E\
   'LVWDQFH IURP WKH PRXQG FHQWHU WR WKH
DSH[ GLG QRW YDU\ ZLWK ORFDWLRQ RU GDWH S ! 
DQG UDQJHG IURP  WR  PP PHDQ     
PP 7KHUH ZDV D VLJQLILFDQW UHODWLRQVKLS
EHWZHHQ DVSHFW DQG VXUIDFH DUHD )     S
  ZLWK D JUHDWHU SURSRUWLRQ RI WKH PRXQG
Figure 34XDGUDWLFWUHQGVIRUUHODWLRQVKLSVEHWZHHQWHPSHUDWXUH&DQGSHUFHQWDJHRIGD\IURPDSSDUHQW
VXQULVHWRDSSDUHQWVXQVHWDWWKUHH0LVVLVVLSSLVWXG\VLWHV$ PHDQPRXQGWHPSHUDWXUH% PHDQVXUURXQGLQJ






F-test for quadratic trend
Site ID Dependent variable Date df F P Equation
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IDFLQJ VRXWK WKH UHODWLRQVKLS EHWZHHQ DVSHFW DQG
VXUIDFH DUHD ZDV QRW DIIHFWHG E\ ORFDWLRQ RU
VDPSOLQJ GDWH S !  )LJ  7KH VORSH RI WKH
PRXQG VXUIDFH GHJ ZDV QRW LQIOXHQFHG E\ DVSHFW
RU VDPSOLQJ GDWH EXW YDULHG VWURQJO\ ZLWK
ORFDWLRQ )     S   UDQJLQJ
IURP    DW WKH /HYHH VLWH WR    DW
WKH &OD\ VLWH 0RXQGV FDQ EH VXEMHFWLYHO\
FDWHJRUL]HG DFFRUGLQJ WR WKHLU VWDWH RI UHSDLU LQ
WKLV VWXG\ WKH VWDWH RI UHSDLU YDULHG ZLGHO\
EHWZHHQ VDPSOLQJ VLWHV 0RXQGV DW WKH /HYHH VLWH
ZHUH JHQHUDOO\ LQ SRRU UHSDLU ZKLOH PRXQGV DW
WKH&OD\VLWHZHUHJHQHUDOO\LQJRRGUHSDLU
Mean temperatures
$Q H[DPLQDWLRQ RI VXPV RI VTXDUHV LQGLFDWHG WKDW
WLPH HIIHFWV FRXOG EH PRGHOHG DV D TXDGUDWLF
WUHQG /RFDWLRQ DQG VDPSOLQJ GDWH H[SODLQHG
VLJQLILFDQW SURSRUWLRQV RI WKH YDULDWLRQ LQ PHDQ
PRXQG WHPSHUDWXUH VXUURXQGLQJ WHPSHUDWXUH
WHPSHUDWXUH UDQJH DQG WKH GLIIHUHQFH EHWZHHQ
PRXQG DQG VXUURXQGLQJ WHPSHUDWXUH KRZHYHU
SHUFHQWDJH GD\ DORQH DFFRXQWHG IRU  WR  RI
WKH YDULDWLRQ LQ WKH PRGHOV 0HDQ PRXQG VXUIDFH
WHPSHUDWXUH ZDV PRGHOHG DV VL[ VHSDUDWH
TXDGUDWLF WUHQGV FRUUHVSRQGLQJ WR WKH GLIIHUHQW
ORFDWLRQGDWH FRPELQDWLRQV )LJXUH $ )WHVWV
DQG UHJUHVVLRQ FRHIILFLHQWV IRU PRXQG DQG
VXUURXQGLQJ DUHD WHPSHUDWXUH UHODWLRQVKLSV ZHUH
REWDLQHG XVLQJ FRQWUDVW VWDWHPHQWV IRU HDFK
ORFDWLRQGDWH HQYLURQPHQW DQG DUH VXPPDUL]HG
LQ 7DEOH  6XUIDFH WHPSHUDWXUH RI WKH DUHD
VXUURXQGLQJ WKH PRXQG YDULHG VLPLODUO\ ZLWK
WLPH EXW ZDV XS WR DERXW  & ORZHU )LJXUH %
WKH RQO\ H[FHSWLRQ ZDV WKH VSULQJ VDPSOLQJ GDWH
DW WKH /HYHH VLWH ZKHQ WHPSHUDWXUH RI WKH DUHD
VXUURXQGLQJ WKH PRXQGV UHPDLQHG UHODWLYHO\
FRQVLVWHQW WKURXJKRXW WKH GD\ 7HPSHUDWXUH RI
PRXQGV DQG WKHLU VXUURXQGLQJV JHQHUDOO\ SHDNHG
VKRUWO\ DIWHU VRODU QRRQ 7UHQGV LQ WHPSHUDWXUH
UDQJH RI PRXQGV )LJ & DQG WKHLU VXUURXQGLQJV
)LJ ' ZHUH VLPLODU DQG ZHUH DQDO\]HG LQ WKH
VDPH ZD\ DV GHVFULEHG DERYH )WHVWV DQG
UHJUHVVLRQ FRHIILFLHQWV DUH VXPPDUL]HG LQ 7DEOH 
)LQDOO\ WKH VDPH DQDO\VHV ZHUH DSSOLHG WR
FDOFXODWHG GLIIHUHQFHV EHWZHHQ PHDQ PRXQG
WHPSHUDWXUH DQG PHDQ VXUURXQGLQJ WHPSHUDWXUH
WR H[DPLQH WUHQGV LQ WKH WHPSHUDWXUH GLIIHUHQFH
RYHUWLPH)LJXUH( 7DEOH
$PELHQW DLU WHPSHUDWXUH ZDV D JRRG SUHGLFWRU RI
PRXQG VXUIDFH WHPSHUDWXUH )     S 
 DQG VXUURXQGLQJ WHPSHUDWXUH )   
 S   0RXQG VXUIDFH WHPSHUDWXUH
LQFUHDVHG DERXW  PRUH UDSLGO\ WKDQ
VXUURXQGLQJ WHPSHUDWXUH DV DPELHQW WHPSHUDWXUH
LQFUHDVHG )     S   7KH HIIHFWV
RI DPELHQW WHPSHUDWXUH RQ PRXQG VXUIDFH
WHPSHUDWXUH DQG VXUURXQGLQJ DUHD WHPSHUDWXUH
DUH LOOXVWUDWHG LQ )LJXUHV $ DQG % UHVSHFWLYHO\





F-test for quadratic trend
Site ID Date df F P Equation
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0RXQG WHPSHUDWXUH        
$PELHQWWHPSHUDWXUH
6XUURXQGLQJ WHPSHUDWXUH      
$PELHQWWHPSHUDWXUH
,QWHUHVWLQJO\ YHJHWDWLRQ FRYHU KDG D VLJQLILFDQW
TXDGUDWLF HIIHFW RQ PHDQ PRXQG WHPSHUDWXUH
KRZHYHU WKH JUHDWHVW FKDQJH LQ SUHGLFWHG PHDQ
WHPSHUDWXUH ZLWKLQ DQ\ ORFDWLRQGDWH
FRPELQDWLRQ GXH WR YHJHWDWLRQ ZDV   & DQG
YHJHWDWLRQ HIIHFWV ZHUH GLIILFXOW WR LQWHUSUHW GXH WR
ORZ QXPEHUV RI PRXQGV DQDO\]HG 1HLWKHU PRXQG
YROXPH QRU PRXQG KHLJKW KDG DQ\ VLJQLILFDQW
HIIHFW RQ PHDQ PRXQG WHPSHUDWXUH ZKHQ DGGHG
WRWKHPRGHOVDVFRYDULDWHVS!
Effects of mound shape on surface
temperature
:KLOH DVSHFW DQG VORSH ERWK LQIOXHQFHG
WHPSHUDWXUH ZKHQ LQFOXGHG LQ WKH PRGHOV IRU
TXDGUDWLF WUHQGV RYHU WLPH PXFK KLJKHU )YDOXHV
IRU WKHLU LQWHUDFWLRQV ZLWK WKH OLQHDU DQG TXDGUDWLF
FRPSRQHQWV RI SHUFHQWDJH GD\ LQGLFDWHG WKDW
WHPSHUDWXUH GLIIHUHQFHV DPRQJ VORSHV DQG







WKH VXQ GDWD QRW VKRZQ 2YHUDOO WKH QRUWKHUQ
DVSHFW RI WKH PRXQG WHQGHG WR EH DERXW  &
FRROHU WKDQ WKH VRXWKHUQ DVSHFW VKRUWO\ DIWHU VRODU
QRRQ $ VLPSOH YLVXDO DQDO\VLV XVLQJ DYHUDJH
UDVWHUV VHH 0DWHULDOV DQG 0HWKRGV VHUYHV WR
LOOXVWUDWH WKH PRYHPHQW RI WKH WKHUPDO FHQWHU RI
WKH PRXQG RYHU WLPH $V DQWLFLSDWHG WKH WKHUPDO
FHQWHU RI WKH PRXQG VXUIDFH PRYHG IURP
HDVWVRXWKHDVW WR ZHVWVRXWKZHVW RYHU WKH FRXUVH
RI WKH GD\ )LJXUH  LV RQH H[DPSOH RI D VHULHV RI
DYHUDJH UDVWHUV Q    PRXQGV IURP WKH &OD\ VLWH
LQVSULQJ
Discussion
7HPSHUDWXUH PHDVXUHPHQWV LQ WKLV VWXG\ ZHUH
PRGHOHG DV D IXQFWLRQ RI SHUFHQWDJH GD\ 7KHVH
PRGHOV FRXOG EH XVHG WR SUHGLFW WHPSHUDWXUH
UHODWLRQV DW GLIIHUHQW ORFDWLRQV DQG GXULQJ
GLIIHUHQW VHDVRQV E\ FRUUHFWLQJ IRU VXQ SRVLWLRQ VR
ORQJ DV RWKHU FRQGLWLRQV VRLO PRLVWXUH FORXG
FRYHU UHPDLQHG FRQVWDQW :KLOH VXUIDFH
WHPSHUDWXUH DW DQ\ JLYHQ SRLQW RQ WKH PRXQG ZLOO
GHSHQG XSRQ VRODU DQJOH RI LQFLGHQFH WKHUPDO
KLVWRU\ DQG RWKHU YDULDEOHV VXFK DV VRLO W\SH DQG
VXUIDFH WH[WXUH D PRGHO EDVHG RQ WLPH RI GD\ LV
XVHIXO IRU FRQVLGHULQJ WLPLQJ RI GDWD DFTXLVLWLRQ
RQH RI RXU EURDGHU JRDOV 0D[LPXP PRXQG
WHPSHUDWXUHV DQG VXUURXQGLQJ DUHD WHPSHUDWXUHV
RFFXUUHG VKRUWO\ DIWHU VRODU QRRQ )LJXUHV $ DQG
% 0RXQG WHPSHUDWXUH ZDV QRW PHDVXUHG
GXULQJ QLJKWWLPH KRXUV EXW SUHYLRXV ZRUN E\
3HQLFN  GHPRQVWUDWHG WKDW PRXQG
WHPSHUDWXUHV GHFUHDVH RYHUQLJKW WR D PLQLPXP
DURXQG VXQULVH WKH IROORZLQJ GD\ :KLOH GDWD ZHUH
VRPHZKDW VLPLODU DFURVV GDWHWLPH FRPELQDWLRQV
LQ WHUPV RI WKH WLPH DW ZKLFK PD[LPXP
WHPSHUDWXUHV RFFXUUHG GLIIHUHQFHV LQ WKH
TXDGUDWLF WUHQGV LQ WHUPV RI PDJQLWXGH DUH
SUREDEO\ GXH WR GLIIHUHQFHV LQ DPELHQW
WHPSHUDWXUH WKH JUHDWHVW PRXQG WHPSHUDWXUHV
RFFXUUHG RQ WKH ZDUPHVW GD\V 0RYHPHQW RI ILUH
DQW FDVWHV DQG OLIH VWDJHV ZLWKLQ WKH PRXQG ZDV
QRW LQYHVWLJDWHG LQ WKLV VWXG\ KRZHYHU WKH GDWD
KHUHLQ PD\ EH XVHIXO IRU PDNLQJ VRPH SUHGLFWLRQV
DQG WHVWLQJ K\SRWKHVHV )RU H[DPSOH LI ILUH DQWV
PRYH ZLWKLQ WKH QHVW SULPDULO\ LQ UHVSRQVH WR
WHPSHUDWXUH HJ 3HQLFN  WKH\ VKRXOG
H[KLELW VRPH HDVW WR ZHVW PRYHPHQW RYHU WKH
FRXUVH RI D GD\ SURYLGHG WHPSHUDWXUHV GR QRW
H[FHHG DERXW  & DW ZKLFK SRLQW PRUWDOLW\ RI
EURRG FDQ RFFXU 3RUWHU  0RXQG VXUIDFH
WHPSHUDWXUHV VKRXOG EH YHU\ UHOHYDQW WR SRVLWLRQ
RI WKH DQWV ZLWKLQ PRXQGV EXW PRUH ZRUN LV
SODQQHG WR EXLOG ' PRGHOV RI PRXQG
WHPSHUDWXUHDWYDU\LQJGHSWK
7KH ODUJHVW GLIIHUHQFHV EHWZHHQ PHDQ PRXQG
WHPSHUDWXUH DQG PHDQ VXUURXQGLQJ WHPSHUDWXUH
RFFXUUHG ZLWKLQ WKH ORFDWLRQGDWH FRPELQDWLRQV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ZLWK WKH KLJKHVW SHUFHQWDJH RI YHJHWDWLRQ FRYHU RQ
WKH PRXQGV &OD\ VSULQJ /HYHH VSULQJ &OD\
IDOO )LJXUH ( 9HJHWDWLRQ LV RIWHQ GLVWULEXWHG
DFURVV WKH PRXQG VXUIDFH EXW LV WKLFNHVW DW WKH
SHULSKHU\ DQG ZKLOH LW LV RIWHQ PRUH OXVK WKDQ
VXUURXQGLQJ YHJHWDWLRQ FDQ EH LQGLFDWLYH RI WKH
JHQHUDO FRQGLWLRQ RI YHJHWDWLRQ LQ WKH VXUURXQGLQJ
DUHD 0RXQGV ZLWK KLJK YHJHWDWLRQ FRYHU VWLOO KDG
! RI WKH EDUH PRXQG H[SRVHG WR VXQOLJKW
7DEOH  ZKLOH WKH VXUURXQGLQJ DUHD ZDV FRYHUHG
LQ YHJHWDWLRQ 7KRVH PRXQGV ZLWK KLJK YHJHWDWLRQ
FRYHU ZHUH QRW KRWWHU WKDQ RWKHU PRXQGV )LJXUH
$ VR WKH LQFUHDVHG GLIIHUHQFH LQ WHPSHUDWXUH
IRU WKH ORFDWLRQGDWH FRPELQDWLRQV OLVWHG DERYH LV
SUREDEO\ GXH WR VKDGLQJ RI WKH VXUURXQGLQJ VRLO
E\ YHJHWDWLRQ DQGRU WUDQVSLUDWLRQ 7KRVH VDPH
ORFDWLRQGDWH FRPELQDWLRQV DOVR H[KLELWHG WKH
JUHDWHVW WHPSHUDWXUH UDQJH IRU PRXQGV DQG WKHLU
VXUURXQGLQJ )LJXUHV & DQG ' 7KH JUHDWHVW
GLIIHUHQFHV RFFXUUHG DURXQG VRODU QRRQ WR HDUO\
DIWHUQRRQ
)LUH DQW PRXQGV DUH DV\PPHWULFDO ZLWK WKH DSH[
RIIVHW WR WKH QRUWK $V\PPHWU\ RI ILUH DQW PRXQGV
ZDV SUHYLRXVO\ QRWHG E\ +XEEDUG DQG
&XQQLQJKDP  &ROOLQV HW DO  DQG 9RJW
HW DO  ,Q WKLV VWXG\ WKH VRXWKIDFLQJ DVSHFW
RI WKH PRXQG ZDV DERXW  ODUJHU RQ DYHUDJH
WKDQ WKH QRUWKIDFLQJ DVSHFW )LJ  7R RXU
NQRZOHGJH WKLV LV WKH ILUVW VWXG\ WR FKDUDFWHUL]H
PRXQG VKDSH E\ GLUHFW PHDVXUHPHQW RI PRXQG
HOHYDWLRQ DFURVV WKH HQWLUH PRXQG VXUIDFH
IROORZHG E\ VXUIDFH LQWHUSRODWLRQ ZKLFK SURGXFHV
D PRUH DFFXUDWH HVWLPDWH RI DVSHFW WKDQ
YLVXDOL]LQJ WKH PRXQG DV IRXU GLVWLQFW TXDGUDQWV
RU WZR GLVWLQFW KHPLVSKHUHV 7KH XQHYHQQHVV RI
WKH PRXQG VXUIDFH HVSHFLDOO\ DW WKH /HYHH VLWH
DQG WR VRPH GHJUHH DW WKH 1RELOH VLWH UHVXOWHG LQ
VRPH SDUWV RI WKH VRXWKHDVWHUQ TXDGUDQW IDFLQJ
QRUWK SDUWV RI WKH VRXWKZHVWHUQ TXDGUDQW IDFLQJ
VRXWKHDVW HWF 7KHVH GLIIHUHQFHV LQ PRXQG UHSDLU
ZHUH UHIOHFWHG LQ PHDVXUHPHQWV RI VORSH VHH
5HVXOWV DQG KHLJKW 7DEOH  0RXQGV LQ JRRG
UHSDLU WHQGHG WR KDYH D VPRRWKHU VXUIDFH ZLWK
GLVWLQFW ERXQGDULHV EHWZHHQ DVSHFW FODVVHV DQG
UHODWLYHO\ VWHHS VORSH 0RXQG UHSDLU DQGRU VKDSH
FKDUDFWHULVWLFV PLJKW DOVR EH UHODWHG WR VRLO W\SH
WKH VRLOV DW WKH &OD\ DQG 1RELOH VLWHV DUH FOD\ULFK
0D[LPXP VORSH LV UHODWHG WR WKH SURSHUWLHV RI WKH
FRQVWUXFWLRQ PDWHULDO DQG LW LV SRVVLEOH WKDW VORSH
DW WKH /HYHH VLWH ZDV OLPLWHG LQ FRPSDULVRQ ZLWK
VORSH RI WKH PRXQGV LQ KHDYLHU FOD\ULFK VRLOV
*HQHUDWLRQ RI GHQVH SRLQW FORXGV ZLWK WKH '
VFDQQHU DOORZHG IRU DFFXUDWH FODVVLILFDWLRQ RI
DVSHFW HYHQ IRU PRXQGV WKDW KDG DQ LUUHJXODU RU
IUDFWXUHG VXUIDFH 2YHUDOO WUHQGV LQ PRXQG
YROXPH 7DEOH  ZHUH VLPLODU WR VHDVRQDO WUHQGV
UHSRUWHG SUHYLRXVO\ E\ 7VFKLQNHO  DQG 9RJW
HWDO
:KLOH VWDWHRIWKHDUW WKHUPDO LQIUDUHG LPDJLQJ
HTXLSPHQW FDQ GHWHFW YHU\ VPDOO WHPSHUDWXUH
GLIIHUHQFHV  & ERWK WHPSHUDWXUH UDQJH D
PHDVXUH RI YDULDELOLW\ DQG WHPSHUDWXUH
GLIIHUHQFH EHWZHHQ WKH WDUJHW DQG LWV
VXUURXQGLQJV ZLOO EH LPSRUWDQW FRQVLGHUDWLRQV
ZKHQ LPSOHPHQWLQJ D UHPRWH VHQVLQJ SURJUDP
XVLQJ WKHUPDO LQIUDUHG LPDJHU\ (IIHFWLYHQHVV RI
DHULDO UHPRWH VHQVLQJ IRU GHWHFWLRQ RI UHODWLYHO\
VPDOO WDUJHWV VXFK DV ILUH DQW PRXQGV ZLOO EH
GHSHQGHQW XSRQ YLVXDO UHVROXWLRQ RI WKH GDWD
3UHYLRXV DWWHPSWV WR TXDQWLI\ PRXQGV XVLQJ
DLUERUQH PXOWLVSHFWUDO GDWD ZHUH VXFFHVVIXO LQ
GHWHFWLQJ !  RI PRXQGV GXULQJ WKH VSULQJ ZLWK
 P UHVROXWLRQ LPDJHU\ 9RJW  $W
VLPLODU YLVXDO UHVROXWLRQ GDLO\ FKDQJHV LQ WKH
SRVLWLRQ RI WKH WKHUPDO FHQWHU RI WKH PRXQG PD\
EH LPSRUWDQW IRU FRQVWUXFWLQJ DUWLILFLDO WHPSODWHV
IRU LPDJH FODVVLILFDWLRQ DQG DXWRPDWLF REMHFW
UHFRJQLWLRQ $W FRDUVHU UHVROXWLRQ WKH RYHUDOO
GLIIHUHQFH EHWZHHQ PHDQ PRXQG WHPSHUDWXUH DQG
WKH VXUURXQGLQJ DUHD PD\ EH PRUH FULWLFDO 7KLV
SRLQW LV LOOXVWUDWHG LQ )LJXUH  $GGLWLRQDOO\ LI
PHDQ PRXQG WHPSHUDWXUH LV WKH PRUH FULWLFDO
IDFWRU GDWD DFTXLVLWLRQ PLJKW EH EHVW XQGHUWDNHQ
DURXQG VRODU QRRQ EXW WR WDNH DGYDQWDJH RI
FRQWUDVW EHWZHHQ WKH ZDUP DQG FRRO SDUWV RI WKH
PRXQG DW ILQHU UHVROXWLRQ LW PLJKW EH EHVW WR
DFTXLUH GDWD HDUO\ RU ODWH LQ WKH GD\ ([SHULPHQWV
WR WHVW DLUERUQH WKHUPDO LQIUDUHG LPDJHU\ RI
GLIIHUHQW YLVXDO UHVROXWLRQ IRU ILUH DQW PRXQG
GHWHFWLRQDUHRQJRLQJ
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